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re Emitter' Resistor 
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Difference Between Exponenti a l and Ideal Sweep 
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Time Constant for Recovery Sweep 
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INTRODUCTION 
Sweep circuits are usually discussed usi~ g a measurement 
called nonlinearity. Nonlinearity is defined as the differ-
ence between an ideal sweep and the exponential s weep divided 
by the total sweep. The differences in t he defini tions of 
nonlinearity are the times that the sweep measure ments are 
taken. These differences will be discussed first, then the 
definitions will be applied to a sweep circuit f or comparison. 
A development of sweep circuits will be st ar t ed, using 
a simple RC circuit as the first circuit. Each cir cuit 
thereafter will have some type of improve me nt an d that par-
ticular improvement will be discussed and analyze d. Non-
linearity of each sweep circuit is compared to th e previous 
circuit. In the final analysis, the Miller sweep circuit's 
advantages are discussed and its very hig h- pr ecision linear 




There are two widely accepted method s of de f ining sweep 
nonlinearity. Both are defined as the difference be t ween the 
exponential curve and the straight line ideal swee p . The 
distinction between the two is when in ti me th a t di fference is 
taken. The one definition that is most prac t ical i s t he one 
that constrains the end points of the exponential cu rve to the 
ideal sweep end points. This particular defini t io n can be 
readily applied when a voltage sweep must be sync hronized with 
an external source. 
The deviati .on from the ideal sweep is defin ed as 6(td) = 
ve(td)-vi(td) and the percentage of nonlinear i ty i s defined as 
NL(%) 
6(td) • 100% 
= total sweep = T /2, T, etc. ) s s 
Noting that deviation and nonlinearity ap ply t o both cases as 
shown in Figure 1, this report will use t he deviation and non-
linearity definitions where the ideal sweep line connects to 
the exponential sweep at both ends. Th i s i s shown in the 
left part of Figure 1. 
11 Good sweep l'inearity can be re a liz ed only by operating 
over a small portion of the to t al exp onential. For less than 













v 1 I vl I 
0 ·T 12 T - 0 ~s s s 
FIGURE 1 
/ 
Voltage Sweep (Ideal or Exponential) vs Time 
to eight percent of the time· constant and it s amplitude to 
"eight percent _of the total possible sweep vol tage . 11 [l] This 
statement is later proved - ; ~-~ table of vo l ta ge sweep cal-
culations, part ·of the author's proof of his -nonli nearity 
derivation. Using the nonlinearity defin i tio n as shown on 
the left side of Figure 1, most authors of texts choose Ts/2 
as the time when the maximum deviatio n oc cu r s and, therefore, 
. where the maximum nonlin~arity occurs. 
The time for the nonlinearity me as ur ement should be 
chosen with more regard for geo metrical prin ciples . 
Most authors assume the maximum dev i atio n occu r s at the 
middle of the arc, if the exponentia l curve i s modeled as 
part of a circle. This yields t he maximum distance from the 
chord (or ideal sweep) to the sweep measured perpendicular 
fro m the cho r d to the cur ve. I t should also be noted that 
the ti me at the cente r of t he aro is not the same as the time 
4 
at the center of the chord. With the last tho~ght in mind, a 
nonlinearity measurement should be taken at the time of 
maximum deviation; its formula should use volt~ge valu es at 
the same time. -TR-is can be ·accomplished by determining the 
slope of the arc and setti~g it equal to the slope of the 
ideal sweep. 
The equations that follow will determine the time of 
maximum deviation for any exponential sweep compared to the 
ideal sweep. 
Ideal Sweep: 
Exponential Sweep: Ve(t) = (VSS-Vl) {1-e-t/ Ts} + vl 
d v -v -t/T Exponential Slope: Ve(t) s s 1 df = e s Ts 
Ideal Slope: : d dt Vi(t) = 
Equate Slopes: = -t/T · e s 
The time of maximum deviation i s tw below. 
[1 n V -V . ~ J t s s 1 = Ts .w V2-Vl Ts 
NL 
o (.t w) 
100% = • v2-vl 
5 
This time calculation is applicable for any sweep curve as 
long as the end points are constrained as the end points of 
the ideal sweep. 
The d at a s h_ o w..n i n Tab 1 e 1 i n Chap t e r 2 demons t rates t h at 
the maximum deviation, using the previous formulas, does occur 
at a time different from Ts/2; the nonlinearity starts to 
agree very closely when the percentage of the time constant 
used approaches 5%. 
CHAPTER 2 
Simple Sweep Circuits 
The following chapters show the evolution of swee p c i r-
cuits and point out the major improvements of each circu it . 
An analysis of each circuit will be performed to determin e if 
the improvement is worth the cost and if the nonlinearity is 
significantly reduced. 
A voltage sweep is generated by the resistor in series 
with a capacitor using a battery or power supply. Th e r efore , 
the first sweep circuit is shown in Figure 2, and so me of the 
abbreviations used in this report are defined. A vol tage 
sweep 10 milliseconds long and 10 Volts change will be used 
as standard in as many circuits as possible so th a t co mpari -
sons can be made on an equitable basis. 
The simple sweep circuit shown in Figure 2 has its non-
linearity related to its time constant (T ) and power supply s 
voltage (Vee). The values of these variables sh oul d be such 
that the 10 Volt/lOms sweep can be met without t oo high a 
value of Vee· In Table 1 it is shown that the value of Vee 
goes up very rapidly as Ts increases. Therefore , the first 
improvement that ~hould be made to this swe ep circuit 15 to 




For this circuit: 
+ vl 0 = 
V c·c· · R 
vss = vee 
'Ts = R·C 
Switch + 
opens at v = 1 0 volts ' 
t=O ms c vs(t) 2 
T s = 1 0 ms 
FIGURE- 2 
TABLE 1 
Per- Time Power Vs At Supply Vs In cent Constant 5 ms NL 
of In ms V cc in In At 5 ms tw Volts NL 
Tau "( Volts Volts In % In ms At tw At tw 
10 100.000 105.083 5.12497 1.24974 4.9583 5.0833 1.24983 
9 1 1 1 . 1 1 1 116.186 5.11248 1.12481 4.9625 5.0749 l. 12487 
8 125.000 130.066 5.09998 .99984 4.9666 5.0666 1.00000 
7 142.857 147.915 5.08747 .87475 4.9705 5.0580 .87483 
6 166.667 171.716 5.07498 .74982 4.9746 5.0460 .74984 
5 200.000 205.042 5.06250 .62505 4.9795 5.0419 .62506 
4 250.000 255.033 5.04999 .49992 4.9830 5.0329 .49992 
Since the one transistor circuit shown in Part A of 
Figure 3 uses the beta of Ql to amplify the base current, the 
sweep circuit does not require a la!ge power supply voltage. 
The sweep or out~ut voltage, Vo(t), will attempt to go to 
Vee - SI 8RL' but it will stop a~ VCEsat' as shown in Part B 
of Figure 3. 
The following equations and definitions concerning 
Figure 3 will be used to set up comparisons with other sweep 
circuits: 
Time Constant: T = RLC s 
% Sweep of Exponential 







v - v cc CEsat • 100 
SIB RL 
V 0 1 R + 0 1 R • e-t/Ts cc - ~ B L ~ B L 
= 7 v = 1 · ' CEsat · 
100 at Ic = 100 rnA. 
Using the standard of 10 Volt sweep in 10 ms, the values of 
T and IcRL are computed along with their nonlinearitie s, so 
that they can be compared to other sweep circuits. 
At t = 0 ms: Vo(O) = V -O.lRL[l-e 0 ] =Vee 
1 cc 
At t = 10 ms: Vo(lO ms) = Vee - 10 = Vee - 10-l RL 













I I T 
0 10 ms 
(A) (B) 
FIGURE 3 
VCEsat = .1 Volts Vee= 10.1 Volts 




% T c Vo At NL of 
T ms 11F Volts Oh ms 5 ms % Swe ep 
1 0 100 50 105.08 17890 5. 1 2 5 1 . 248 8.8 
8 125 62.5 130.06 14454 5.000 0.999 7. 2 
6 166.67 83.33 171.72 10948 5.025 0.751 5. 5 
5 200 100 205.04 9169 5.037 0.644 4.6 
4 · 250 125 255.03 7372 5.050 0.496 3.7 
1 0 
Since Vo(lO ms) = V = V - 10 = .1 Vol t s CEsat cc 
Then Vee = 10.1 Volts 
Note: Vee will remain at this one value r~ ga rd less of 
the value of the time constant. 
Table 2 lists the data derived from the previo us equation 
to show that a good linear sweep can be obtai ned using the 
circuit of Figure 3. Notice that Ic is increased by de-
creasing R81 ; thus the nonlinearity is significan tl y decreased. 
The data in Table 2, again verifies the st ate me nt made in 
Strauss' Wave Generation and Shaping quoted in Chapter 1. 
The circuit performance suggests the next i mpro vement that 
should be made to this sweep circuit: dec re as e the recovery 
or reset time of the sweep. The recovery ti me fo r circuit 3 
would be a minimum of 400 ms, which would be una cceptable for 
most sweep circuits. 
The two-transistor sweep circuit, shown in Figure 4, 
uses the second transistor to decrease th e reset or recovery 
time to much less than the sweep time. This circuit does not 
improve the sweep linearity. A change in power supply voltag e 
was made so the 10 Volt/10 ms sweep could be maintained, but 
the values of the sweep down voltages (ICl RL) were kept the 
same to allow direct comparison with circ uit 3. It turns out 
that the start of the reset or recovery sweep is at least 
twice as linear as 10 ms sweep, bec au se i t uses a smaller 
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V c.c = +15.1 . Volts RL = 2000 Ohms 
V RR - 1 0. 1 
VRR = + 1 5. 1 - RL I Cl +. IE2RL = V RR - 0. 1 
T 
r 
0 10 ms 
Ts = R • c . L 
-t / T e R r 
t 




Tr = = [ J = [ J 
IClRL IClRL-5 
12 
11 % of reset sweep" in Table 3 shows the small percentage of 
the exponential used when the recovery sweep starts at t = 
1 0+ ms. 
The next improvement to these sweep circuits is to 
eliminate the manual switch and replace it with a trigger 
circuit. The trigger circuit would turn the sweep circuit on 
and off in response to input pulses. 
TABLE 3 
1clRL RBl RB2 
Reset % of 
c Tr Time Reset Sweep 
11F Volts Ohms Ohms ms l-!Sec at t = 10 ms+ 
50 ' 105.08 27408 9653 4.561 800 4. 7 8 
62 .. 5 . 130.06 22144 7556 4.507 620 3.74 
83.33 171.72 1 6 7 71 5546 4.453 450 2.75 
1 00 205.04 14046 4573 4.427 365 2.26 
125 255.03 11293 3620 4.401 290 1 . 7 9 
CHAPTER 3 
TrJggered Sweep Circuits 
PreVious sweep circuits have been sho wn with a manual 
swi.tch to start and stop the sweep . . The circuit shown in 
Figure 5 has· an added transistor Q3 to allow el ectronic switch-
ing of the sweep. This particular trigger cir cuit is turned 
on and off by a positive pulse Vin' whose l ength must be 
equal to . the sweep time required. For t his report, the 
trigger pulse would have to be 10 ms; since any other length 
of time would cause the nonlinearity calcu lations to be 
E i 
meaningless. There ·are no changes in co mp onent values 
res~l . ting from the addition of transis t or Q3 to the sweep cir-
cuit. 







c v (t) s 
14 
.Q3 is either driven OFF or saturate d by to the input 
signal; this makes transistor Q2 turn ON or OFF. 
There are several improvements th at could be made to the 
sweep circuit in Figure 5, but the ones t hat add the fewest 
transistors will be discussed next. A mono stable multi-
vibrator as the trigger circuit would prov ide the 10 ms du-
ration required on the input pulse. An emitter follower 
added to the output c1rcuit would decre ase the effect of out-
put load on the sweep. 
The sweep circuit of Figure 6 has a monostable multi-
vibrator and an invertor added to the previous sweep circuit. 
Without the invertor Q3 a negative po wer supply would be 
needed to keep Q4 off. 
The calculations for the monostabl e multivibrator portion 
of circuits are shown below. The requ irement of the mono-
stable circuit is a 10 ms pulse with a minimum recovery ti me. 
At t = O-: 
Q4 is on and VCE 4 = .1 Volts 
vee - VCE4 1 5 184 = = = 1 50 f.!A 100000 
R4 • s 
vee - V8E4 1 5. l . 7 -
R6 = = 184 l . 5 • 1 0- 4 
Also, let R7 = 76k Oh ms 
R5 = 1 k Ohm s 











+ At t = 0 : 
16 
Q5 is turned on and Q4. go~s off. 
VCE 5 = .1 Volt s v8 E4 = -14.3 Volts 
Vc 2 is still +14.4 Volts. 
When vc 2 reaches_-.6 Volts, then Q4 will _ go on. 
Using VC 2(t) = -.6 = -15 + (-29.4) e-lO ms/ Tms, then T = R6 .c2 
= 14.01 ms and c2 = 184.3 nF. R6 should be an adjustable 
resistor so the circuit can be tuned usin g oscilloscope. 
At t = 10- ms: 
VC 2 = -.6 Volts 
VCE 5 = .1 Volts 
VCE 4 ~ Vee= ·15.1 Volts 
At t = 1 0 + ms : 
Q4 goes on and Q5 goes off. 
Since VC 2 must charge to +14.4 Volts, the recovery ti me of 
the monostable is calculated in the next equations. 
-T/ T) VC 2 = + 14.4 = +14.4 - (15 e . 
T ~ 4T = 737 ~sec recovery 
1 7 
The monostable multivibrator is able t o supp l y the sweep 
circuit with a very accurate timi~g signal. This sjgnal is 
used to start the sweep and to reset the sweep. The reset 
time of the monostaole multivibrator is mu ch longer than the 
reset time of the sweep shown in Table 3 . The reset time of 
the one-shot could be improved on furth er , but the ma1n 
interest is to improve the nonlinearity. A change of one 
decade in the nonlinearity would be a si gnificant improvement, 
if it can be accomplished by different s t yle sweep circuit. 
This different circuit will be presented in the next chapter. 
CHAPTER 4 
Simple Miller Circuit 
The Miller sweep circuit is introduced now because sia-
nificant improvements to previous circuits are still possible. 
These improvements are (1) lower nonlinearity and (2) les s 
dependence of the sweep speed on the beta of the transistor. 
The Miller circuit accomplishes these improvements with 
desirable values for capacitors, resistors, and power supplies. 
The following discussion of a primitive Miller sweep circuit 
will show how it works and how the beta dependence is mini-
mized. 
The Miller sweep circuit, shown in Figure 7, Part A, 




acting as a switch in the 
OFF condition. The initial conditions, prior to switch Q2 
being turned ON, are: 
VCElsat = 0.1 Volts VBEl = 0.7 Volts 
= 0.6 Volts = 7.5 rnA = 1.44 rnA 
The equivalent circuit of the Miller sweep just after Q2 
is turned ON is ihown in Figure 7, Part B. The collector 
voltage of Q
1 
or vs will sweep up toward Vssl until the base 
current goes to zero or until VBEl goes below +.7 Volts . 
18 




i. n Figure 6 
2000 Ohms 
RB 1 · = ]0000 Ohms 
RB2 = 2500 Ohms 
VBB = 9.25 Volts RE3 
19 







(A) Mi)ler Sweep Circuit 
c 
vs 
I 1 + 
+ 1 5. 1 4.3 . 7 1 00 1Bl + 
1Bl 
( s r At t = 0+ ms~ Ql Equivale nt Circuit 
· .. . 
vs = 0. 1 Volts 
vs + 1 5. 1 
I+ T-
(C) At t =· 1 o+ ms, Ql Dro ps Out 
FI GURE 7 
v . ssl 
20 
= +15.1 - 100 ·(-.0025)· 2000 
= +515.1 Volts 
The time constant of the sweep is T
5
• 
= RL • c1 • (S+l) 
= 2.02 • 10 5 • cl 
The value of c1 will be chosen so tha t the amplitude will be 
10 Volts in 10 milliseconds. The expon ential sweep equation 
is used at time, t = 10 ms, to determi ne the values of Ts and 
c 1 • 
V (10 ) 10 1 = .1 + 515( 1- e- 10 ms/Ts) s ms = . 
-505 
-515 = 
ln .980 = -.0196 
= 510 ms cl = 2 .5 2 llF 
The linear time equation can al s o be used to determine the values 
\ 
of Ts and c
1
, showing the sma l l difference between the two 
methods. 
21 
T = 10 ms = 10 · 1 - · 1 
. S 515.1- .1 
-r
5 
= 515 ms cl = 2.55 l-!f 
The difference is 5 ms, which is less th an 1% for this par -
ticular case. 
Once the output reaches 10.1 Volt s , the transistor q
1 
drops out of the circuit as shown in Par t C of Figure 7, 
because VBEl is now less than 0.7 Volts. c1 continues to 
charge toward -24.25 Volts with a ti me constant -r
2
• 
'[2 = = 10.2 ms 
The charge time of c1 causes vs to r i se from 10.1 Volt s to 
almost 15.1 Volts in approximately four time constants, but 
this part of the sweep is not require d. The sweep vs should 
be quickly reset to 0.1 Volts as soon as it reaches 10.1 
Volts. 
Because the Miller sweep circui t i s connected t o a 
monostable set at 10 ms, the sweep r un down will st ar t at 
10.1 Volts and go down to 0.1 Volts. Transistor Q1 i s turn ed 
ON immediately at t = 10 ms+ when swi tc h transisto r Q2 is 






10,0 00 = 1 .4 4 rnA 
22 
Vs 52 = 10.1 - ~I 81 RL = 10.2 - 288 = -277.9 Volts 
Tr = 510[ln 288 ]ms = 18 ms 278 
The sweep downtime or reset time is 18 ms, as calculated in 
the previous equations. This reset time wil l be improved in 
a later chapter of the report. 
The main reason for changing from th e previous sweep run-
down circuits to the Miller sweep circuit was to decrease the 
nonlinearity and the dependence of the swe ep circuit on the 
beta of transistor Q1 . An analysis of these differences will 
be presented next. 
Nonlinearity calculations: 
(5 ) = 0.1 + 515- 515 e- 5 ms/ 51 0 ms v s ms 
= 515.1 - 509.976 = 5.124 Vol ts 
= "5.124 ~ 5.1 • 100% = NL lO 0.24 % 
Beta Dependence Equations: 
= 1 0 ms 
10.1- .1 
= Ts • 5.15.1 . 1 
23 
Ts = RLc 1(s+l) • 
(RL + RB1 I IR B2) 
s RL 
~s = ~. (RL + RB1II~B2) • c l s 
Since (S+l)/S is almost equal to . one, · then T
5 
is not strongly . 
beta dependent. 
The nonlinearity of 0.24 % is sign ificantly lower than 
the 0.5% obtained using circuits si mil a r to Figure 3 that 
require large values of c1 (e.g., l25 1-1F) and ICl (e.g., 
120 rnA). The elimination of the swee p time dependence on 
the beta of the trans i stor gives t he circuit designer a 
better circuit, because he can free l y substitute transi stors 
with different beta values. An example of how well he can 
substitute transistors in the diffe r ent circuits is presented 
in Table 4. A sensitivity co mpar i s on for different betas is 
shown for Figure 3 type sweep ci r cuit versus the Miller sweep 
circuit shown in Figure 7. 
TABLE 4 
Beta Figure 3 Type Sweep Ci r cuit Miller Sweep Circuit 
~s ~Ts M ~ts ~ s -I -I s Ts s Ts s 
80 . 2 1 . 2 9 0 0.0132 
90 . 1 1 . 1 42 0.0128 
11 0 . 1 0.929 0.00699 
120 . 2 0. 850 0.00724 
CHAPTER 5 
Improved Miller Circuit 
The Miller sweep circuit will now be i mpr ov ed by adding 
emitter followers and high-gain amplifiers. Thes e components 
are added between the output vs and the input of the first 
amplifier. The previous Miller circuit (shown in Figure 7) 
had only one stage of amplification and no emitte r followers . 
These additions will prove highly advantageo us in r educing 
the nonlinearity of the sweep. 
An improved Miller circuit [2] is dra wn i n Figure 8, 
showing the different stages of amplification and the ti ming 
portion of the c~rcuit. To make an analysis of the circuit 
in Figure 8, the author will break it down into th e different 
stages. For each stage, the input and out put resistance and 
the voltage gain will be calculated. These valu es will be 
used to determine the voltage gain and th e inp ut -output 
resistance for all the stages connected to gethe r . The 
following H-parameter transistor values [3] wi ll be used in 
the calculations: 
hfe = S = . 100 h = 1800 Ohms ie 
















1 ookl I I 27k 
I I -45 
Timing Stage 3 Stage 2 
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Also, the common-emitter and co mm on- col lector relations 
found in Table 11-4 of Ghausi 's text [ 4] will be used to 
calculate necessary values required t o determine sweep ti me 
a n d s we e p amp 1 i t u d e-.-· 0 n c e t h e to t a 1 s t a g e amp 1 i f i e r v a 1 u e s 
are determined, they will be used as values for the co m-
ponents in the Miller int~grator shown in Figure 9. Th e 
Miller integrator will be worked on to show how the swe ep 
time and the sweep amplitude are ca lculated and verified. 
From these values, the nonlinearity will be figured. 
Q1 Stage calculations: 
Ai3 
rc 
= 36.07 = rc(l-a.) + RL + re 
RL + re 
R; 3 = rb + rc • (1-a.)rc = 
3. 608 megoh ms + RL + r e 
Av3 
r cRL = .9997 = rb[(l-a.)rc RL re] rc(RL+re) + + + 
Q2 Stage calculations: 
ar - r c e = -67.45 
r (1- a. ) + r + RL c e 
[ r + RL 
+ r J rc(l- ~) + = 1474 Ohms Ri2 = rb + re .RL 
Av2 
RL( a r c-re) 
= - 1226 = RL] + r ( r + RL) rb[rc ( l- a ) + r + e e c 
27 




1 A . 
V1 
(A) Miller Integrator with Starting Swi t ch 
+ 199 n .. v . 
10.89 l - 1 211 v. - 1 
(B) Reduced Input Circuit 
FIGURE 9. Miller Integra t or 
rc 
FIGURE 10. Transistor Mode l for 






Q3 St~ge calculatio~s: 
RL 3 = looklll.474k = 1.453 kil ohms 
A13 = 98.41 
R13 = 144.8 kilohms 
Av 3 = .9877 
Total Stage calculations: 
A = (.9997) (-1226) (.987 7) = -1211 
v tot a 1 
R. = l8~1 IIR 1. 3 = 143.6 kilohms 1 tot a 1 




Rs + rb + r c 
= 42 .363 kilohms 
Rs2 = 1ookll42.363k = 29 . 757 ki1oh ms 
Ro2 r (1-a) + r 
[Rs + rb + ~r c] = 57.383 kiloh ms = c e Rs + rb + r e 
Rs1 = 57.383k ll 27 k = 18 .36 1 kiloh ms 
R = 199 Oh ms o1 
R = 19 9lllook- 199 Ohms 
0 tota1 
29 
The total stage values are used as the co mponent values of 
F)gure 9, Part A. The integrator circuit i s then further 
reduced using Thevenin's theorem;so fin al c ircuit calculations 
can be made in Figur·e 9, Part B. 
R. 
V ~ = R i +, RT • 4 5 
Since values for RT and CT have not bee n presented, these 
components values wi 11 be suggested, and 1 ater they may be 
revised. 
Given: Vs = 10 Volts T s = 1 0 ms v88 = 45 Volts 
Choose: CT = . 1 llF 
Find RT: . RT = Vee Ts = 45 • l0- 2 = 450 kilohms 
CT Vs 10- 7 • 10 
Therefore: 
R~ = 108.8 kilohms 
v~ = 10.89 Volts 
The Miller integrator output, v , st arts out at zero Volts s 
with the switch open. · After t he swit ch is closed, the output 
will sweep to -1211 vi Volts and CT will be charged to 
+1212(10.89) = 13,194 Volts. This high value will not be 
reached by the real circui t i n Figure 8, but it \'lill try. 
The expo nential sweep equation will now be set up, so the 
calculatio ns f or sweep ti me and sweep range can be checked. 
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If these values ~gree with the original 10 Vol t s 1n 10 ms 
sweep requirement, then the nonlinearity wi ll be calculated. 
Miller Time Constant: 
Rseen by CT = 199 + 108.8k + 1211 (108 . 8k) 
= ·131. 9 megohms 
TM = 10- 7 • 131.9 • 10 6 = 13 .1 9 seconds 
Exponential Sweep Equation: 
Vc (10 ms) = 13194(1 - e-lO ms/ 13 · 19 } 
T 
= 10.002 Volts 
VC (5 ms) = 5.00057 Volts 
T 
Nonlinearity Calculation: 
NL = 5 - 4.99943 • lOO % 
1 0 
NL = 0.0057 % 
The nonlinearity value of 0.00 6% 1s significantly lower 
than the 0.24 % from the si mple Mille r circuit in Chapter 4. 
The value of 0.006 % is def i ni t ely in the range of values that 
the author was t ryin g to accomplish using nominal values for 
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all components in the sweep circuit. The Miller circuit 
coupled with several st~ges of amplification and emitter 
followers proves to be a very powerful circuit for the sweep 
circuit designer. 
The Miller Circuit using an operational amplifier is 
more widely used now. The op-amp duplicates more perfectly 
the characteristics of the voltage amplifier in the Miller 
circuit shown in Figure 9, Part B. These characteristics are 
high gain (almost zero input. voltage), high input resistance, 
and low output resistance. The circuit designer can use one 
op-amp in place of several transistor stages to get better 




The nonlinearity of a sweep waveform is a measure of 
how well the circuit was designed. The smaller the percent-
age of the time constant (and the sweep amplitude) used by an 
exponential sweep circuit, the smaller the nonlinearity will 
be. The problem is to create large values for time con-
stants and sweep amplitudes without using unreasonable values 
for components (e.g., resistors, capacito rs, supply voltages). 
The Miller sweep circuit generates these large values by us-
i~g emitter followers to magnify resistors and common-
emmiter amplifiers to create the large sweep amplitudes. 
The Miller circuit turns out to be the best sweep circuit 
in this report, not only for its very high linearity, but for 
its ability to accept a range of transistor values and still 
produce a high-precision linear sweep. 
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